Demineralization is required to reduce the ash content of gelatin. Previous studies have confirmed the high quality of gelatin was produced after demineralized using combination of NaCl and aqueous NaOH. The purpose of this study was to determine the effect of NaCl on the properties of gelatin from Lizardfish (Saurida spp.) scales. The cleaned scales was demineralized using a mixture of NaOH 0.5% and NaCl (0-0.8%), at various temperatures (45, 65, 86oC) and time (30, 60, 90 and 150 minutes). The obtained samples was determined by ash content, pH, the lightness and moisture content. Addition of NaCl reduced the ash, pH and moisture content but increased the whiteness. Gelatin physical properties increased inline with NaCl concentration. Extended demineralized period gave a positive effect on ash, pH and moisture content but opposite effect was observed in the lightness and physical properties. Extended demineralization periods in high temperature reduced gelatin quality. The highest gel strength was found at demineralization for 150 min at 65oC using a combination of NaOH 0.5% and NaCl 0.8%. At this condition, the gelatin has 10%, 1,7%, 248 bloom, and 7,1 cP of moisture content, ash, gel strength and viscosity, respectively, which fulfil SNI 06.3735.1995.
INTRODUCTION
Gelatin includes as an essential supporting product for food and pharmaceutical industries as a stabilizer, gelling agent, and emulsifying agent. This polypeptide is extracted from the animal's collagen tissue including bone, scale, and connective tissue. Gelatin is obtained by partial hydrolysis of collagen, in which the raw material is processed using acid or diluted alkaline to break the cross-linking bonding. The collapsed triple helix structure of collagen will form gelatin with heating treatment (Karim & Bhat, 2009) .
The gelatin production comprises pretreatment, extraction and purification steps, in which each step determines the resulting gelatin characteristics (Badii & Howell, 2006) . Some attempts were made in the pretreatment stage, including the elimination of calcium (demineralization) (Sha et al., 2014) , removal of non-collagen proteins (deproteinizing) (Ahmad & Benjakul, 2011) , and removal of fat (defatting) (Badii & Howell, 2006) . According to Sha et al. (2014) , the processing of fish scales into gelatin requires the demineralization process which removes minerals on the scales. After the demineralization process, the remaining collagen is extracted.
Approximately 95% of commercial gelatin is obtained from mammals, especially pig and cow skin, while the remain part is obtained from cattle and pig bones (Sabbaghpour et al., 2014) . The prohibition of some religions in consuming food containing pigs or cattle led to the need for an 133 alternative source of gelatin that is acceptable for the public. One of the alternatives is gelatin that comes from fish (Silva et al., 2014) by using the byproduct of the fish industry. As much as 50 -70% of the weight of fish is scales and fish bones (Zhang et al., 2012) . Fish scale is reported to have high collagen content, such as in sea-bass (51,4%), mackerel (49,8%) and bullhead shark (50,1%) (dry weight) (Karim & Bhat, 2009) . Utilization of byproduct of fish processing into sources of gelatin has been reported previously such as using the scale of leather catfish (Ardekani et al., 2013) , red tilapia fish (Jamilah et al., 2011) and sea-bass (Sae-leaw & Benjakul, 2015) .
Lizardfish is one of the raw materials for salted fish (Riyadi, 2006) . In 2010 this fish production reached 18,830 tons, in 2011 reached 21,663 tons and in 2012 reached 20,441 tons (Directorat General, 2013 . With its highly consumed, it is necessary to consider the utilization of lizardfish waste. One part of lizardfish waste that can be utilized is the scales. Wangtueai & Noomhorm (2009) reported that lizardfish scales have a high protein content of 38.9%.
Demineralization of fish scales using 0.51% NaOH solution for 3.1 hours at 30°C resulted in an optimum yield of 10.7% with a gel strength of 252 bloom and a viscosity of 7,5 cP (Wangtueai & Noomhorm, 2009) . Although in general, the characteristics of gelatin meet the standard, however, the ash content is still higher than the required ash content of 2% (JECFA, 2003) . Akagunduz et al. (2014) reported the use of NaCl in the demineralization process of sea bream scales help the demineralization process by binding Ca and P ions and form CaCl3 and PCl3. The combination treatment of NaCl 5 g/100 g for 30 min and followed by 4 g/L NaOH for 1 hour resulted in gelatin from sea beam with the ash content of 0.57% that meets gelatin standard (Akagunduz et al., 2014) . Montero and Go'mezGuille`n (2000) reported that the combination of NaCl and aqueous NaOH in gelatin extraction resulted in high quality and soluble gelatin. The addition of NaCl in the demineralization process can increase the gelatin yield on the extraction of fish scales from 13% to 16% (Gimenez, 2005) . Moreover, the use of NaOH improved the rheological properties of gelatin (Montero and Go'mez-Guille`n, 2000) . The use of a combination of NaOH and NaCl on the demineralization of lizardfish has not been conducted, hence there is no information regarding the gelatin characteristics. Therefore, this study aims to study the characteristics of lizardfish gelatin in various conditions of demineralization reaction using a combination of NaOH and NaCl solution.
MATERIALS AND METHOD

Material
Lizardfish scales were obtained from the local fish market in Cilacap. Pure NaOH, pellets and NaCl were obtained from Merck.
Demineralization and Extraction
The demineralization procedure was performed using a modified Limpisophon method (Weng et al., 2014) . The washed fish scales (400 g) were soaked with 0.5% NaOH solution with the addition of various NaCl concentrations (0, 0.2, 0.5, and 0.8%). The demineralization process was carried out at temperatures of 45 o , 65 o , 85 o C and for 30, 60, 90 and 150 minutes. The demineralized fish scales were then extracted using aquadest with ratio 1:2 of scales-Aquadest (g/ml). The extraction process was carried out at 80 o C for 3 hours. The solution was filtered with filter paper and then concentrated with the evaporator. The concentrated gelatin liquid obtained from evaporator was poured into an aluminium pan to be dried in an oven at 50°C for 24 hours. The dried film is then milled into powder which was subject to the analys of its properties.
Analysis of Results
Water Content (AOAC, 2005)
Porcelain cups that have been dried at 105 o C for 1 hour after cooled down to room temperature was weighed. The sample (5 g) was placed on the porcelain cups and fed into an oven at temperature 105 o C until it reaches a constant weight. Record the sample weight after reaching a constant weight.
Ash content (AOAC, 2005)
The cup to be used was dried for 30 minutes at 100-105°C. After that, it was cooled in the desiccator for 30 minutes then weighed (B1). The sample (5 g) was placed in the cup, then burned over Bunsen until it was not smoky. Then, it was inserted into a furnace and burned at 400°C until grey ash was obtained or the sample weight was 134 fixed. Then the furnace temperature was increased to 550°C for 12-24 hours. The sample was cooled in a desiccator for 30 minutes then weighed (B2).
Ash content = B2 / B1 x100%
(1)
pH (British Standard 757, 1975)
The sample (0.2 g) was dissolved into 20 ml of water at 25°C and homogenized with a magnetic stirrer. The degree of acidity was measured at room temperature by pH meters.
Viscosity (British Standard 757, 1975)
Viscosity of gelatin solution (6.67%, w/w) was measured using Brookfield Viscometer, LVF model, spindle no. 4. Measurements were made at 60°C at 60 rpm. The viscosity value is expressed in centipoise (cPs).
The strength of the gel (British Standard 757, 1975)
The gelatin solution (6.67%, w/w) was stirred using a magnetic stirrer until homogeneous and then heated to 60°C for 15 minutes. Pour the solution into a bottle 58-60 mm in diameter, 85 mm in height, close the bottle and let stand for 2 minutes. The solution was incubated at 10°C for 16-18 hours, then measured using TA-XT plus texture analyzer at a probe velocity of 0.5 mm/sec with a depth of 4 mm. The gel strength is expressed in units of bloom.
Melting point (Suryaningrum & Utomo, 2002)
A homogeneous concentration of gelatin solution (6.67%, w/w) was incubated at 10°C for 17 ± 2 hours. The melting point was determined by heating the gelatin gel after incubation in the water heater. The metal round indicator was placed on top of the gelatin. The temperature when the indicator falls to the bottom of the gelatin gel corresponded with the melting point temperature.
Gel point (Suryaningrum & Utomo, 2002)
Gelatin solution (6.67%, w/w) was placed in a thermometer-reaction tube. The ice is placed around the outside of the test tube. The gel point is the temperature when the gelatin solution begins to gel.
Lightness
Lightness was determined using Minolta CR 300 Chromameter. The observations were performed using the Hunter notation system characterized by three colour notations L, a *, and b *. The colour notation L represents the brightness (light) that has a value from 0 (black) to 100 (white). The value of L denotes the reflected light resulting in a red-green mixed chromatic colour, with + a (positive) from 0 to + 60 for the red value -a (negative) from 0 to -6 for green. Notation b denotes a blue-yellow mixed chromatic colour, with a value of + b (positive) from 0 to +60, for the yellow colour of the -b (negative) value from 0 to -60 for blue (Rhim et al. 1999) .
RESULTS AND DISCUSSION
International standards for gelatin set lightness, moisture content, ash content and other physical properties as characteristics which determine quality of gelatin. SNI 06.3735.1995 for quality and determination of gelatin requires colourless gelatin, with a maximum water content of 16% and maximum ash content of 3.25%. Europe Pharmaceutical and USFCC require a maximum water content of 15%. While the ash content required by US FCC and USP are 3 and 2%, respectively (Schrieber & Gareis, 2007) . In this study, the addition of NaCl in demineralization process using NaOH for gelatin from lizardfish scales was expected to help reduce ash content. Mineral content in gelatin needs to be reduced because its presence reduces the quality and physical characteristics of gelatin. Figure 1 shows the negative effect of addition NaCl on moisture content. This is probably due to the increasing concentration of NaCl affected on the increasing amount of ash removed from the gelatin. As a result the gelatin size shrunk and the water content decreased. The highest water content was shown in the sample without the addition of NaCl. This sample also has the highest minerals content but the lowest lightness compared to the other samples. According to Sha et al. (2014) , the demineralization process was required in preparation gelatin to remove of the minerals on the scales and left only remaining collagen. Akagunduz et al. (2014) reported that calcium and phosphate are common minerals found in fish scales. High calcium causes turbid on gelatin solution (Haris, 2008) . Combination of NaCl and NaOH was used to prepare non-collagen proteins of sea bream gelatin (Akagunduz et al., The effects of NaCl concentration of demineralization on moisture content, ash content, pH and lighness in demineralization process using NaOH.
Effect of NaCl concentration
2014). Ash content of lizardfish is up to 43.2% (wet weight) (Wangtueai & Noomhorm, 2009) . Figure 1 shows the lowest ash content of 1.7% was found in the addition of 0.8% NaCl. This condition is still above the standard specified by JECFA (2003) which requires no more than 2% ash content. Sanaei et al. (2013) reported that mineral content of catfish gelatin is still high due to the short immersion time and the low concentration of submersion solution. Alfaro et al. (2013) emphasize the high mineral content in gelatin will cause dark spots on the application in meat products.
According to Gimenez et al. (2004) , the addition of NaCl facilitates the removal of Ca 2+ from scales based on the proportion of added NaCl, without causing the NaCl to left in gelatin. Aquilina et al. (2004) reported the addition of NaCl helps to keep gelatin proteins from being twisted. This condition allows the impurities in the gelatin structure to be remove easily.
The standard colour of gelatin in accordance to SNI 06-3735-1995 is colourless or pale yellowish. Colors on gelatin can be influenced by raw materials as well as the manufacturing process. Gelatin in this study was obtained from natural collagen hydrolysis found in lizardfish scale. The colour of gelatin was strongly influenced by lizardfish collagen which is the source of the gelatin (Wangtueai & Noomhorm, 2009) . Figure 1 shows the lightness value of gelatin colour proportional to concetration of NaCl. This is probably because the addition of NaCl helps in binding the minerals in the scales. The more minerals removal from the scales, the lighter the colour of gelatin. This result is supported by Silva et al. (2014) which shows a similar relationship between degree of whiteness and ash content of gelatin of Rachycentron canadum fish.
Acidity is one of the parameters in quality standard of gelatin. In this study, gelatin was processed using NaOH hence the obtained gelatin can be categorized as type B. The pH standard for this type of gelatin is 5-7.5 (GMIA, 2012). The pH value of gelatin was closely related to the presence of acids or bases absorbed in the gelatin, in which the presence of acids or bases trapped in gelatin affect the viscosity or gel strength (Chancharern et al., 2016) . Figure 1 shows the highest pH value was shown by the sample without the addition of NaCl (6.8) and the lowest pH was at 0.5% NaCl (6.1). The pH value of all samples tends to be neutral because, after the demineralization process, the extraction process of gelatin was conducted at neutral pH (pH 6-7). When the extraction was carried out on the base condition, the peptide bond in collagen was degraded easier resulting in a shortening of the peptide chain (Weng et al., 2014) . At strong acidic pH values (pH 3) or too high (pH 9) the viscosity and gelatin gel strength become lower. The peptide bonds in collagen is degraded easier under acidic conditions or bases conditions causing the shortening of the peptide chain. The shortening chain decreases viscosity and gel strength (Weng et al., 2014, Chancharern et al., 2016) . In this study, the extraction was carried out using aquadest at 80° C to keep the peptide chain in the length and obtain high gelatin convert. Melting point, gel point, and gel strength are among the important physical properties of gelatin. Gelatin as a thermoreversible gel will melt when the temperature increases at a certain point which known as the melting point. While the temperature at which gelatin begins to form gel is known as the gel point (Karim & Bath, 2009 ). Gel strength is an important feature of gelatin which shows the ability to convert liquid into solids or turn the solution into a reversible gel. The effect of the addition of NaCl to the physical properties of gelatin presented in Figure 2 .
The increasing of NaCl concentration gave a positive effect on all the physical properties. Processing the gelatin with NaCl is expected to expose the structures of collagen. This condition favors for extracted high molecular weight polymers. The high molecular weight gelatin melts at higher temperatures than the low molecular weight gelatin melting points. The increasing amount of high molecular weight gelatin causes the melting point and gel point increases. In addition, the melting point of gelatin is also affected by the pH, the magnitude of the gelatin molecule, the temperature of the measurement and the concentration of gelatin in the solution (Mariod & Fadul, 2013) . Figure 2 shows the effect of adding NaCl to gel strength. The addition of 0.8% NaCl provides the greatest gel strength of 248 bloom. While gelatin with the addition of 0% NaCl has the least gel strength of 130 bloom. The low of gel strength in gelatin without the addition of NaCl is probably due to the high impurities found in the scale. These cause shorter amino acid chain in the gelatin, hence less hydrogen bonds will form. This low gel strength lead to low gel point (Bower et al., 2006) . This condition supports the data of the lowest gel point obtained on demineralized gelatin without NaCl.
The standard for gelatin gel strength is 50-300 bloom (GMIA, 2001) . It indicates the hardness, stiffness, robustness and gel compressibility at a certain temperature. The strength of gelatin gel is influenced by the amino acid condition of its constituents, especially the length of amino acid chain (Hasan, 2007) . This property also associates with proline and hydroxyproline amino acids (Nhari et al., 2012 ). Hydroxyproline has a major role in stabilizing collagen triple helix through hydrogen bonding of its hydroxyl groups (Jridi et al., 2014) . The high proportions of proline and hydroxyproline affect high affinity gelatin toward water. As a result gelatin is incapable to form helical coils such as usually found in proteins in general (Hasan, 2007) .
The increasing gel strength with the addition of NaCl could be related to differences in the molecular weight distribution. NaCl contributes on the formation of high molecular weight polymers which having better stability interactions in forming the more triple helix structures. As a result of the gel strength also increases with increasing NaCl concentration (Gimenez et al., 2005 , Du et al., 2013 .
The viscosity of a fluid is an inhibitory force caused by friction between fluid molecules to resist the fluid movement. The standard of gelatin viscosity is range of 1.5 -7.5 cP (GMIA, 2001) . Figure 2 shows the addition of 0% NaCl having the lowest viscosity of 4.6 cP, while the highest viscosity (5.1 cP) obtain in the addition of 0.8% NaCl. The viscosity of gelatin is influenced by many factors including amino acid composition, molecular weight and its distribution (Jakhar et al., 2012) . The low viscosity of demineralization without the addition of NaCl could be related to the high ash content as shown in Figure 1 . The presence of minerals, especially those associated with the reactive groups such as OH, COOH, and NH2 groups have significant influence in gel characteristics, such as gel strength, melting point, and viscosity. Moreover, the low viscosity value could also influenced by the distribution of gelatin molecules in the solution as well as the weight of the gelatin molecule. When the molecule of gelatin binds to the minerals, it causes the less of the molecule bind with the solvent. This condition results in the lower viscosity (Haris, 2008) .
Effect of Temperature and Time Demineralization
From the results obtained in Section III.1, a 0.8% NaCl concentration was used to study the effect of temperature and demineralization time on water content, ash content, pH, and white degree, as shown in Figure 3 . In general, time affected pH, moisture content and ash content negatively, but reverse trend was observed for lightness.
Water content is an important parameter of a food product due to closely related to the shelf life. In addition, low water content keeps the gelatin become non-sticky (Widyasari & Rawdkuen, 2014) . The standard gelatin of water content set by FAO is 18%. Figure 3a describes that the increasing temperature and time decrease the water content. Since the optimum condition of demineralization was at 65°C, a further increase in demineralization temperature would increase water content. The lowest water content (11%) was obtained at 65 for 90 minutes. The high moisture content of gelatin reduces gel strength, viscosity, gel point and gelatin melting point although the decrease in physical properties is insignificant (Haris, 2008) . Meanwhile, demineralized gelatin at 65°C for at least 90 minutes resulted in the gelatin which meets the standard of ash content (<2%). The longer demineralization time allows the more solvent enter the collagen matrix. This affect to more release of the non-collagen material trapped within the matrix (Alhana, 2015) . Temperature has an influence in accelerating the demineralization process which is marked by the decreasing amount of ash content observed. When the demineralization is carried out at higher than its optimum temperature, less amount of the ash successfully removed. This is probably due to hydrolization of protein at high-temperature of demineralization (Chuaychan et al., 2016) and undergo a change in shape. Although the more water enters the matrix but the trapped impurity in the matrix is still high. As a result, high water content and ash content in high-temperature demineralization was observed. Figure 3b shows the optimum temperature in this demineralization process is 65 o C. The demineralization process performed at 65°C using 0.5% NaOH and 0.8% NaCl resulted in gelatin with the ash content of 1.7%. Wangtueai & Noomhorm (2009) reported ash content of gelatin from lizardfish scales is 2.33% in demineralization using only NaOH. This indicates that the use of NaCl in combination with NaOH in the demineralization process as performed in this study, could help to bind mineral content in the demineralization process and led to lower the ash content.
The pH of the gelatin solution affects other properties such as viscosity, solubility and gel strength, which will ultimately affect gelatin applications (Bower et al., 2006) . Gelatin with a neutral pH will be stable, and its application is wider. Figure 3c shows that the pH value ranges from 5.8 to 6.8, meaning that the gelatin with various treatments in this study meets the GMIA standard that is 5-7.5. Temperature and time of demineralization were less significant in affecting the resultant pH value of gelatin due to washing process which carried out after the demineralization process. The gelatin is washed first until the pH becomes neutral to remove the mineral content and then extraction process was conducted at neutral pH (Weng et al., 2014) . Neutralization affects the final pH of collagen because the process reduced acid or base residues after immersion. A success neutralizing process results in a final pH close to neutral pH (Alhana et al., 2015) . Taheri et al. (2009) reported the type and concentration of compounds used in the extraction procedure also influenced the final result of pH gelatin. The standard colour of gelatin in accordance to SNI 06.03735.1995 is colourless. Figure 3d shows the value of L representing lightness which proportional to the rise in temperature and time. This occurs probably because the higher the temperature and the longer the demineralization time, the more impurities in the collagen were successfully removed. The lightness of gelatin colour depends on the impurities, especially the metal ions which emit the light. The presence of these impurities affect the colour of gelatin produced. Also, the colour of gelatin is also influenced by the raw materials, isolation method and the number of the extraction stages (Hasan, 2007) .
Gelatin is a type of physical gel which has a physical interaction between chains through van der Waal interactions and hydrogen bonds in nature. However, since the bonding energy in gelatin is relatively weak then gelatin forms as a thermo reversible gel (Gilsenan & Ross-Murphy, 2000) . This impacts on the characteristics of gelatin produced. The strength of the gel, gel point, melting point and viscosity are important characteristics that are taken into account in the standard of gelatin. Figure 4 shows demineralization performed up to 150 minutes tended to increase melting point, gel point, and gelatin viscosity. Increasing demineralization temperature improves the physical characteristics of gelatin. However, demineralization at 85°C decreased viscosity. The gel strength decreased at high temperature and more than 90 minutes demineralization.
The gel strength obtained in this study was in the range of 130-248 bloom with the highest gelatin gel strength obtained at demineralization at 65 o C for 150 min. The same gel strength trends are reported by Hanjabam et al. (2015) on the gelatin extracted from the Unicorn Leatherjacket fish scales. Based on its gel strength, gelatin is differentiated into gelatin with low gel strength (<150), moderate (150-220) and high (220-300) (Rosli & Sarbon, 2015) . This means that the gelatin strength value obtained from this study meets commercial gelatin standards, although the preferred gel strength is 250-260 Bloom (Hanjabam et al., 2015) . With this result, the gelatin obtained in this study was a moderate-high gel strength.
However, the strength of this gel is still lower than the gel strength of lizardfish scale reported by Wangtueai & Noomhorm (2009) , which has 268 Bloom of gel strength. This difference could be due to differences in amino acid content. Proline and hydroxyproline are the amino acids responsible for the stability of the triple-helix collagen structure as a result of hydrogen bonding between water-free molecules and hydroxyl groups of hydroxyproline in gelatin. Low hydroxyproline content will cause in lower gel strength (Rosli & Sarbon, 2015) . This high gel strength also contributes to the high melting point and gel point value (Rosli & Sarbon, 2015) . This result is in accordance with the study of Hanjabam et al. (2015) which reported an increased gel strength followed by an increase in melting point.
The combination of long demineralization time and high temperature leads to decreased viscosity. High temperature could further hydrolysis of collagen and breaks the chain of amino acids into smaller units which decrease the viscosity (Wulandari et al., 2013) . According to Montero and Gomez-Guillen (2000) , the treatment of proteins at high temperatures causes the denatured protein to lose its triple helical structure which forms gelatin. Gelatin of Megrim has the highest viscosity at 60 o C of demineralization temperature. The process of demineralization at high temperatures causes a decrease in the number of inter-chain covalent resulting in low viscosity (Montero & Gomez-Guillen, 2000) .
In general, high viscosity values result in higher melting rates and gel formation than low viscosity gelatin. The formation of gel and its melting is influenced by the amount of hydrogen bond that is formed. Gelatin with a small amount of hydrogen bond form a gel at a lower temperature. Amiruldin (2007) reported the gel point gelatin of tuna scales is influenced by the amount of amino acid. The gel point is lower if the number of amino acids is lower which affect to less hydrogen bonding in gelatin. Furthermore, Montero and GomezGuillen (2000) reported the type and composition of amino acids also affect the physical characteristics of gelatin.
CONCLUSION
Demineralization of lizardfish scales using a combination of NaOH and NaCl (0-0.8%) decreased ash content, pH and water content of the gelatin. The use of NaCl increased the lightness of gelatin. The physical properties of gelatin increased with the addition of NaCl. The longer demineralization period decreased the ash, pH and moisture content. The opposite effect was observed in lightness and the physical properties of gelatin. Long-term demineralization at high temperatures led to a decrease gelatin quality. The highest gel strength was obtained in the demineralization treatment using NaOH combined with 0.8% NaCl for 150 min at 65°C. In this condition, water content, ash content, gel strength and gelatin viscosity were 10%, 1.7%, 248 bloom, and 7,1 which fulfilled SNI 06.3735.1995.
